cutoffs. Much of the publicity surrounding the launch of the accountability system focused on the letter grades and, more importantly, these grades were directly linked to rewards and consequences.
2 Specifically, schools that received an A or B were eligible for increased per pupil funding and bonuses for principals, while schools that received a D or F faced a series of formal corrective actions, the prospect of losing students (and funding) through a special transfer program, and a credible threat of school closure or principal dismissal if performance under the accountability system did not improve. The discontinuities inherent in the assignment of grades present an opportunity to study the short run effects of accountability on student achievement in a way that can uncover the causal impacts of accountability grades on student and school outcomes.
Our work is most similar to recent papers by Rouse et al. (2007) and Hanley Chiang (2009) that use a regression discontinuity approach to study the June 2002 release of letter grades for schools in Florida. In addition to increasing student achievement, these papers find that schools receiving a failing grade substantially altered instructional time, class schedules, professional development and teacher training, and they increased expenditures on curriculum development and technology. As in New York City, the Florida accountability system pledged serious consequences for receiving a second failing grade. However, in contrast to Florida, New
York City released accountability grades to school principals in late September and made them public in early November, arguably too late for schools to respond with major changes to scheduling, curriculum, personnel, or technology, and too late for students or teachers to respond by moving to a different school. 3 Our measures of student achievement are drawn from tests administered in January (English Language Arts, hereafter English) and March (math), leaving four to six months for school administrators to respond to their accountability grade.
Despite this limited time frame, we find that giving a school an F or D grade resulted in significantly increased student achievement in math, and receipt of an F also increased achievement in English. These effects are economically significant, but, consistent with the short period we examine, they are smaller than those found in Florida. They are also smaller for English than math, consistent with the fact that English exams were taken much earlier in the school year. We also find complementary evidence that parents' evaluations of school quality rose significantly for schools receiving F and D grades.
While accountability pressure can lead to changes in measured student achievement through a variety of mechanisms, we can rule out some noteworthy explanations. We find no relationship between accountability grades and a student's probability of being tested-one measure of possible gaming-and no evidence that accountability grades affected course offerings, consistent with the late grade announcement. However, the results from our analysis of student surveys indicate that schools which received a low grade spent less time on group work and "hands-on learning activities," which may indicate closer alignment of instruction with the high stakes math and English examinations. These results suggest the impacts we document are driven by genuine changes in the education provided by schools receiving low grades.
The paper proceeds as follows. We describe New York City's accountability system in Section I. Section II describes the data and provides descriptive statistics. In Section III we describe our empirical strategy and discuss results from graphical and regression analyses.
Section IV concludes.
I. School Progress Reports in New York City
While the No Child Left Behind Act (NCLB) placed school accountability at the forefront of educational policy in the U.S., various states and cities have implemented their own systems of accountability. NCLB outcomes are determined by the fraction of students in a school (and within various subgroups) scoring above a proficiency threshold, and has been criticized as a blunt measure of school quality that provides suboptimal incentives for schools to increase student achievement. Motivated by perceived shortcomings with NCLB, the New York City DOE implemented its own accountability system. In this paper, we focus on the central piece of the system-school progress reports, which assigned schools a letter grade, ranging from A to F, based on several continuous measures.
To determine accountability grades, each school was placed in one of four types (elementary, middle, K-8, or high school) and, within each type, schools received scores based on student achievement tests, attendance, and evaluations of the school environment from a set of annual surveys given to students, parents, and teachers. 4 The DOE calculated performance within three separate elements of the progress report: school environment (15 percent of the overall score), student performance (30 percent), and student progress (55 percent). The school environment score was determined by responses to surveys of students (in grades 6 and above), parents, and teachers, as well as student attendance rates. Student performance and progress scores were based on achievement levels and changes in achievement as measured by statewide 4 Middle school structures are grades 5-8, 6-8, and 6-12 (excluding 9-12 graders), K-8 school structures are K-7, K-8, and K-12 (excluding 9-12 graders), and elementary school structures are all other combinations serving grades lower than 7. Different metrics were used to evaluate high schools, and we exclude them from our analysis.
math and English examinations. 5 Schools also could receive "additional credit" for making sizeable achievement gains among particular student subgroups: students with performance in the lowest third of all students citywide who were Hispanic, Black, or other ethnicities, and students in English Language Learner (ELL) or Special Education programs.
6
A school's score for each element (e.g., environmental) was determined both by that school's performance relative to all schools in the city of the same type and relative to a group of "peer schools" with similar students. 7 Performance relative to peer schools was given double the weight of citywide relative performance. A school's overall score was calculated using the weighted sum of the scores within each element plus any additional credit received.
5 Each of the three categories contains four to six components. The environment score components are a school's attendance rate and indices of school safety, academic quality, student engagement, and communication taken from an annual survey of parents, teachers, and students. The student performance components include the percentage of students achieving proficiency and the median English and math score on examinations given to all students in grades 3 to 8. The student progress components are the average change in individual students' English and math scores, the average change in proficiency among all students in the school, and the average change in the proficiency of the lowest third of students, as determined by students' prior year proficiency ratings. If a student transfers midyear, the credit that the sending and receiving schools receive for his/her performance is determined by the portion of time a student spent at each school during the period between the current and previous state examinations. 6 To receive additional credit, the percentage of students within a subgroup whose achievement scores increased by "half of a performance level or more" must fall within the top 40 percent of all schools of its type (e.g., elementary, middle, or K-8 school) citywide. Performance levels, which range from 1 to 4.5, are simply a rescaled version of the scaled score. Overlap across student groups was allowed in these calculations. For example, if an ELL student was in the lowest third citywide, he/she would be counted in the calculation of additional credit for both groups. Additional credit was only given if the subgroup contained at least 20 students; if fewer than 20, Hispanic or Black students would be aggregated with students of other ethnicities. Schools received 0.75 additional points for having gains within a particular group that fell within the top 40 percent of schools of its type and an additional 0.75 points (for a total of 1.5) if the gains were within the top 20 percent. 7 Specifically, Elementary/K-8 schools received a "peer index" score ranging from 0 to 100 determined by the percentage of students eligible for free lunch (40 percent of the score), the percentage of students that are Black or Hispanic (40 percent), and the percent of the school categorized as Special Education students (10 percent) or English Language Learners (10 percent). Middle schools were assigned a peer index score ranging from 1 to 4.5 based on the average performance level received by currently enrolled students on their fourth grade state exams. Within each school type, schools were ordered according to their peer index and compared with the 20 schools just above and the 20 schools just below, thus each school was designated a unique peer group. Schools at either end of the distribution of the peer index scores were assigned a group of less than 40 schools -among the 985 schools we examine, 62 percent had a full group of 40 peer schools. All schools had at least 20 peer schools. In some cases, peer schools included charter schools. Charter schools that were at least two years old and had test score results for third and fourth graders received a progress report. However, accountability grades received by charter schools are not comparable with those received by other schools, as the environment category score was only based on attendance.
Within each school type, the DOE ranked schools by their pre-additional credit scores and assigned each school a percentile. These percentiles were then used to determine the cutoff scores between accountability grades for each type of school. The cutoff score to receive an A was set at the 85 th percentile, B at the 45 th percentile, C schools at the 15 th percentile, and D at the 5 th percentile. However, schools were assigned grades based on whether their overall score, which included additional credit, exceeded these thresholds. Of the 985 schools we examine, approximately 75 percent received additional credit. The impact of additional credit points was not negligible -161 schools received a higher grade due to additional credit. Of these schools, 6
moved from an F to a D, 22 moved from a D to a C, 57 moved from a C to a B, and 76 moved from a B to an A. Thus, the percentage of schools receiving each accountability grade does not precisely correspond to the original percentile cutoffs. Specifically, among the 985 schools we examine, 23 percent received A's, 38 percent received B's, 26 percent received C's, 9 percent received D's, and 4 percent received F's. Figure 1 shows the relationship between accountability grades and overall scores. There are clear discontinuities in the assignment of grades as we move up the continuous distribution of overall scores.
[ Figure 1 approximately here]
In addition to letter grades, each school was given a "quality review" score based on an independent qualitative evaluation, in which the school was ranked as "Well Developed," "Proficient," or "Undeveloped." In the first year of the accountability program, these qualitative evaluations were conducted by teams of external consultants and took place throughout the school year 2006-2007. These reviews were used as secondary evidence, along with the letter grades, in determining rewards and consequences for schools. Nevertheless, these pilot reports used a different methodology (e.g., environmental scores were not available) and lacked accountability grades. Thus, we believe it is highly unlikely that schools could have predicted the grades they received in the fall of 2007 with the limited amount of information they were given earlier that spring. Anecdotally, some principals receiving low grades were quite surprised.
8
[ Figure 2 approximately here]
There are several reasons why accountability grades may create pressure for schools to raise student achievement. First, the system generated consequences for schools performing In addition to the possibility of principal dismissal or closure, students in F schools were eligible to transfer out through a special application process in the summer of 2008, raising the possibility of decreased enrollment and financial resources for F schools. Finally, all schools receiving D or F grades were required to implement formal "school improvement measures and target setting." Schools receiving a C grade for three years also faced these consequences.
The system also linked financial rewards to accountability grades. While some accountability systems (e.g., Florida's system) offer additional funding for school improvement to poor performing schools, F and D schools in New York did not receive any additional funds.
Schools that were granted an A grade and a "Well Developed" quality review rating received additional funding for the following school year of roughly $33 per student, which can be used at the school administrator's discretion. 10 These payments totaled $3.4 million in the school year [2007] [2008] . Schools that received an A or B grade and a "Well Developed" or "Proficient" quality review rating were also eligible for payments of $1,500 to $3,000 per student per year for any student accepted as a transfer from a school that received an F or a school not in good standing under NCLB. Last, but not least, principals of schools with an overall score among the top 20 percent citywide (within each type of school) and a "Well Developed" or "Proficient"
rating for their quality review were eligible to receive monetary bonuses of $7,000 to $25,000.
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The publicity surrounding the accountability grades likely generated additional pressure (e.g., from parents) for schools receiving low grades to improve their performance. News reports at the time provide a clear indication that the release of progress report grades captured the attention of principals and parents alike, although reactions were mixed among both high and low rated schools. 12 Principals and parents worried that the progress reports put too much emphasis on testing and did not accurately reflect their school's quality, but also emphasized the incentives for schools to "keep up" with peer schools. Although many found the methodology involved with assigning grades complicated, the status of receiving a high grade and the consequences attached to receiving a failing grade appeared to be quite clear.
II. Data
Our primary source of data is a set of publicly available files from the DOE website. We present summary statistics by accountability grade in Table 1 . The distribution of grades is similar across elementary, K-8, and middle schools. Relative to the city average, enrollment is lower in schools receiving an F, D, or A grade, and the fraction enrolled in tested grades (3-8) is also particularly low in F schools. 15 We find that schools receiving an A are more likely to be in good standing under the NCLB accountability system than schools receiving a B or lower, yet there are no other noticeable differences in NCLB status by accountability grade among schools not receiving an A.
[ Table 1 approximately here] 14 Of these schools, 24 were not assigned accountability grades and the one school that did receive a grade did not have 2007 math achievement data. 15 There are two plausible reasons for this pattern. One is the fact that variance in test score outcomes will be greater for smaller populations of tested students (see Thomas J. Kane and Douglas O. Staiger (2002)), making them more likely to end up with either very high or low measured performance. However, compared to Kane and Staiger's study, the schools in our sample are not small in an absolute sense -no school has an enrollment less than 100 students and the even F schools in the 25 th percentile of enrollment served around 300 students. The second concern is that school size and/or grade composition are related to other characteristics that are indicative of high or low performance. Distinguishing between these explanations is beyond the scope of this paper.
To further characterize schools with different accountability grades, we merged the DOE data with student level data from the school year 2006-2007 covering all students in grades 3 to 8. Higher accountability grades are associated with fewer students receiving free lunch, fewer special education students, fewer black students, and more white and Asian students.
Interestingly, we see weaker relationships between accountability grades and the fraction of Hispanic students and English Language Learner students.
The middle of Table 1 These simple statistics do not necessarily indicate a causal relationship between accountability grades and student achievement. Test scores are a noisy measure of achievement, and we might expect considerable "regression to the mean" in school average performance 16 Distributions of test scores at the student level are quite similar, and can be found in the online appendix. The bottom half of Table 1 shows the continuous metrics underlying the accountability grade and quality review ratings. For ease of exposition, we normalize the peer indices within school type to have a mean of zero and standard deviation of one, and reverse the sign of the elementary and K-8 school peer indices (which are based on percentage of students by ethnicity and program participation) so that they are positively correlated with school average achievement levels. Not surprisingly, the average overall score and scores for the report elements increase monotonically as we move from F to A. Schools receiving lower grades also had lower peer indices, indicating that these schools served more disadvantaged students (for elementary/K-8 schools) or students who had scored poorly on the achievement tests in the past (for middle schools).
17

III. Empirical Methods and Results
The empirical methods we employ are very much in the spirit of previous work on the impacts of school accountability grades (e.g., Figlio and Maurice E. Lucas 2004 , Rouse et al. 2007 , Alejandra Mizala and Urquiola 2008) and other work using regression discontinuities to 17 To serve as a point of comparison, we also examined school characteristics according to NCLB status. As mentioned above, NLCB status is based on the same achievement tests but uses a very different formula, looking only at the percentage of students scoring above a passing threshold. We find that demographic differences between schools in good standing and those planning or currently in the process of restructuring are somewhat larger than those found when we examine schools receiving low and high accountability grades. Given that NCLB performance is based only on current performance, this finding is not surprising.
identify the impact of educational policies (e.g., Wilbert Van der Klaauw 2002 , Jacob and Lars Lefgren 2004 , Chay, McEwan, and Urquiola 2005 . We use the discontinuous relationship between accountability grades and the numeric inputs that determine the grades to compare the subsequent outcomes in schools that received different accountability grades but were otherwise similar. When we compare schools that fall on either side of a grade cut-off, after controlling for a flexible function of the factors used to determine grades, whether or not a school receives a high or low grade is as good as randomly assigned.
To estimate this impact, we use a reduced form regression specification represented by Equation 1.
(1)
Here, A jt is the average achievement of students in school j and year t, D jt is an indicator for the accountability grade (G) assigned to the school, P jt is a vector of the continuous measures used to determine the accountability grade (i.e., environmental, performance, and progress scores, additional credit, and peer index), and ε jt is an idiosyncratic noise term. We include a quartic in P jt ; including higher order polynomials does not noticeably change our results. Also, because the accountability grade cutoffs and the scaling of the peer index differed across the three school types, we include indicators for school type and interactions of school type with the quartic in the continuous measures P jt in all of our specifications. The estimated impact of accountability grades on student achievement, λ G , can be interpreted as causal under the assumption that, conditional on all the factors used to determine a school's grade, the assignment of grades is exogenous and uncorrelated with the error term ε jt .
One implication of using a regression discontinuity design is that there should be no discontinuities in predetermined characteristics at the cut-offs between grades (Guido W. Imbens and Thomas Lemieux 2009). Students' demographic characteristics (race, poverty, special education, and ELL status) and student absences from the prior year are well predicted by our control function, but this is a weak test since these data were used to calculate the accountability score elements which serve as our controls. We therefore also test for discontinuities in other characteristics from the year prior to the assignment of accountability grades, including student suspensions, school average class size, expenditures per student, and teacher characteristics (experience, education, certification), and find no evidence that these characteristics vary discontinuously at grade cut-offs. These results can be found in Table A1 of the Online Appendix.
A. Graphical Analysis
Before proceeding to our regression analysis, we present a graphical depiction of our estimation strategy in Figures 4 and 5. First, we plot school average math and English scale scores against the overall accountability score received by each school, using different symbols to distinguish schools that received different accountability grades. Then, we plot the residuals from regressions of scale scores in math and English on inputs that determined the accountability grade (i.e. peer index, report element scores, and additional credit). Specifically, we allow for a quartic polynomial in each input and allow for different relationships within each type of school (i.e., elementary, K-8, middle). To aid with interpretation, each graph includes a line tracing the results of a locally weighted "Fan" regression (Jianqing Fan and Irene Gijbels 1997) that provides a weighted average of performance at various levels of schools' overall scores, calculated separately within each group of schools that received the same grade. Breaks in the locally weighted regression line at the margins between accountability grades indicate a change in the performance of schools with similar overall scores but different grade assignments. played a significant role in the calculation of grades, contributing 30 percent to the overall score, it would not be surprising if the overall score and the raw scale scores were related. However, we see some interesting and unexpected patterns. Scale scores in both subjects rise on average between each of the five grades, but within grades, scale scores are increasing in overall score only for schools receiving grades of F or D. For schools receiving C and A grades, the relationship is fairly flat, and for schools receiving B grades there appears to be a slightly negative relationship between scale scores and the overall accountability score. We also see what appear to be significant breaks at every grade margin, which is unexpected. It is not clear to us why these breaks would occur, though it may simply be an artifact of an interaction between the manner in which grades were assigned and the cutoff values between grades, the fact that there is a large amount of variance in average test scores among schools receiving very similar overall accountability scores, and the relatively thin density of schools, especially among those receiving lower grades. Given the manner in which the cutoffs were determined (i.e., based on percentiles) and the fact that no school was assigned a grade for which their overall score did not warrant, we still regard the grade assignments as exogenous conditional on the inputs into the overall score.
[ Figure 4 approximately here]
The bottom panel of Figure 4 supports this notion. When we plot residuals from regressions that control for the overall score inputs, we find essentially no differences between schools receiving different grades, no noticeable trends within these groups of schools, and (consequently) no major breaks at the margins between grades. Thus, when we control for the inputs used in assigning grades, the actual letter grades received by schools have no predictive (both positive and negative), and breaks at the margin that were seen in the prior year. However, the bottom panel, which plots the residuals, looks quite different. For math scores, we can see noticeably higher test scores for F and D schools, and breaks at the F-D and D-C grade margins, but no differences or breaks at the margins for C, B, and A schools. For English scores, we see higher scores among F schools and a break at the F-D margin, with no differences or breaks at the higher grades. These results indicate a positive impact on both English and math scores for schools on the margin of receiving an F and a D, and for math results, a positive impact for schools on the margin of receiving a D and a C. These graphs at the bottom panel of Figure 5 represent our essential findings. In the next section we present evidence from regression analysis that provides point estimates and standard errors on the qualitative findings from these graphs.
[ Figure 5 approximately here]
B. Regression Estimates of Impacts on Average Test Scores
In this section, we present results of regression specifications in the form of Equation 1.
School average scale scores are regressed on indicators for accountability grade and the inputs that determined the overall score and regressions are weighted by the number of students taking math and English tests, respectively. In Table 2 , we first present results that examine test scores from the school year 2006-2007. We expect to find no significant differences in scale scores across grades conditional on the inputs for the overall score. This is confirmed by the data; none of the indicator variables for grade are statistically significant, and tests for the equality of the coefficients between adjacent grades cannot be rejected (Table 2 , Columns 1 and 2).
[ Table 2 approximately here] We see very different results when we examine test scores from [2007] [2008] . As foreshadowed by our graphical analysis, we find significantly higher test scores for F and D schools in math and F schools in English, conditional on our flexible controls for overall score inputs. A test of equality between the D and F coefficients can be rejected at the 3 percent level for math and the 8 percent level for English (Columns 3 and 6).
The remaining columns in Table 2 Although adding these controls (Columns 4 and 7) causes a small reduction in the point estimates, it does not affect the significance of our initial findings that schools receiving F and D grades experienced an improvement in test scores. In fact, the addition of these controls reduces the standard errors considerably, and the negative point estimate for schools that received an A is now marginally significantly different than schools that received a B for both math and English performance (at the 7 and 9 percent level, respectively), suggesting that schools assigned a grade of B improved their scores relative to A schools.
The final specification drops a small number of schools that received an overall score either well below or well above the rest of the schools. Specifically, we drop 10 schools with an overall score below 15 or above 90 (more than two standard deviations from the average overall score; these include 5 A and 5 F schools). This has little impact on the results. Taking the point estimates from this final specification, we estimate that receipt of an F grade increased math and English scores by 2.1 and 1.8 scale score points, respectively, relative to a receiving a D, and that receipt of a D grade increased math scores by 2.1 scale score points (relative to a C). We also find some suggestive evidence that receipt of a B may have increased math and English scores by 1.3 and 0.8 points, respectively, relative to schools receiving an A.
There are several ways we can gauge the magnitudes of these effects. First, we can compare the effects we find to the citywide standard deviation of changes in school average scale 18 Nevertheless, it is also important to note the possibility that the accountability system induced test score increases at low performing schools through the teaching of test-taking skills, rather than a true increase in the quality of math or English instruction. 
C. Robustness Checks
The regressions discussed above are weighted by student enrollment because the use of average test scores as our dependent variable is likely to create heteroskedasticity of a particular form. If the effects of accountability grades on achievement and other outcomes are homogenous across students, estimates obtained from weighted regressions will be efficient.
However, to be sure that the weights are unimportant to our findings, we present results from unweighted regressions (Table 3 , Columns 3 and 4) that are quite similar.
Our analysis includes nine schools that received F or D grades and, because of their performance, were told in December of 2007 that they were to be closed or phased out after the end of the school year 2007-2008. These schools did not face any threat of further consequences and thus were likely not as responsive to receiving low grades as other schools. Although none of the schools that were closed were among the schools closest to the D/F margin, one still might be concerned if our results were substantially driven by test score changes in these schools. We therefore repeat our analysis dropping these schools from our sample. We generally find slightly larger point estimates for the impact of accountability on student achievement in F and D schools (Table 3 , Columns 5 and 6), suggesting that, if anything, the response among F and D schools was indeed greater among those not facing imminent closure.
[ Table 3 approximately here]
In Table 3 , we address the additional concern that the extra credit received by schools making large gains with particular student subgroups was awarded in a way that affects our 20 These results are shown in Table A2 in the Online Appendix.
results. Although we doubt this possibility, one might speculate that the DOE calculated extra credit in order to move schools with politically connected administrators over a cut-off. In order to investigate whether the provision of extra credit is driving our results, we re-estimate our basic specification using an instrumental variables strategy where we predict accountability grades based on scores that do not include extra credit (Table 3 , Columns 7 and 8). The standard errors in the two stage procedure-which are corrected for sampling error in the first stage via bootstrapping-are somewhat larger, and the result on English scores for F schools is only significant at the 18 percent level. However, the point estimates from these regressions are quite close to those from the OLS regressions.
We also examine if our results are robust to narrowing the range of observations used to estimate the impact of receiving a low accountability grade. Since only a small number of schools received an F, we calculate pooled estimates of the impact of receiving a lower accountability grade on math scores using both the F/D and D/C discontinuities. To do so, we first take schools receiving D grades and divide them into two groups based on whether their score places them below or above the median for their grade and school type (i.e., elementary, middle, or K-8 schools). Schools in the lower half of the D distribution serve as comparisons with F schools, and schools in the upper half of the D distribution serve as comparisons with C schools. In Table 4 , we present estimates that limit the sample to schools within specific distances from the discontinuities. First, we use a cut-off of 10 points, which includes all of the D schools and most of the F schools, and then we use much smaller cut-offs (3 points and 2 points) which dramatically decrease our sample size. The estimates for the three samples range between 1.7 and 2 scale score points. The estimates for cut-offs of 10 and 3 points are both statistically significant (the estimate for a cut-off 2 points has a p-value of 0.17), and we cannot reject a test of the equality of these coefficients with our main estimates of the impact of receiving and F (relative to a D) or a D (relative to a C) of about 2.8 scale score points.
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[ we test whether accountability grades are associated with the portion of students taking math and English tests to address the possibility that schools removed students from the pool of test takers in response to accountability pressure. We note, however, that the scope for removing students from testing is limited by NCLB, which mandates that at least 95 percent of students in each of a number of student subgroups be tested.
There is little relationship between the percentage of students tested and a school's accountability grade (Table 1) . However, we formally address this possibility by running regression specifications as above with percentage tested as the dependent variable (Table 5) .
We find no significant differences in the percentage of students tested by accountability grade, either in 2007 or 2008, once we control for continuous functions of the report elements, and the point estimates are very small (less than 1 percentage point) and precisely estimated. Results (not reported) are very similar if we control for the percent tested in the prior school year. Thus, while we cannot rule out other forms of gaming, we find no evidence that schools receiving low accountability grades excluded more students from testing.
[ Table 5 approximately here]
Another important issue is student mobility. One might worry that the variation in test scores we attribute to accountability grades is driven by lower achieving students transferring out of schools that received a low grade. However, the public announcement of grades in November 2007 and the delay of formal transfers from F schools until the summer of 2008 meant that any student transfers in response to accountability grades would need to be initiated by a residential move and occur in the middle of the school year. Such moves are likely to be viewed by parents as costly and highly disruptive (see Eric A. Hanushek, John F. Kain, and Steven G. Rivkin 2004). Second, we can observe whether students are present in the same school in both the fall and spring. A very small percentage of students change schools or exit the district in the middle of the school year, and we find no relationship between grades and mid-year school changes.
E. Outcomes from School Environment Surveys
We are fortunate in that the DOE surveyed teachers, parents, and students (in grades 6 and higher) as part of the new accountability system, asking them a series of questions focused on four broad areas: academics, safety, engagement, and communication. 22 In both 2007 and 2008, surveys were completed after student testing in English and math but prior to the release of test score results for the year. Surveys were confidential for parents and students and anonymous for teachers, and were collected and analyzed by an external entity contracted by the DOE. 23 All survey questions had multiple choice answers. For example, students were asked for their agreement with statements such as "my school is kept clean" on a 4 point scale ranging 22 Information on the surveys including the complete survey instruments and guides to how they were scored can be found online at http://schools.nyc.gov/Accountability/SchoolReports/Surveys/default.htm. The "educator's guides" provided on this site contain information on the specific question items used in constructing the domain scores. 23 Parent surveys were distributed to elementary students to be taken home, while middle and high school parents received their surveys by mail. Teacher surveys were distributed in school and students took their surveys during class time. Parents and teachers returned their completed surveys in pre-addressed, postage-paid envelopes, while schools collected student surveys. Parents and teachers also could complete their surveys online.
from "Strongly Disagree" to "Strongly Agree." Scores in each domain and scores on each question range from 0 to 10, but we normalize these variables to have a mean of 0 and standard deviation of 1 for ease of interpretation, within each school level.
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In this section, we first examine the relationship between accountability grades and a school's score for each of the four domains, and then proceed to examine individual questions or small groups of questions that focus on particular mechanisms through which schools behaviors may have affected student test scores. 25 Two sets of questions were directed to all three respondent groups. First, they were asked whether high expectations were set for students, which reflects a common belief among educators (and some work by economists, see Figlio (2005)) that setting high expectations is helpful in raising student achievement. All groups were also asked whether the school offered courses in art, music, dance, theater, foreign language, and computer skills/technology, which addresses a concern that high stakes accountability systems cause schools to shift resources away from teaching material that may be beneficial to students but is not tested. 26 The remaining questions we examine were selected because they addressed particular mechanisms via which schools with low accountability grades may have improved performance.
27 24 There are a few instances where we scale responses differently than the DOE. When respondents marked "don't know" or "does not apply," the DOE sometimes assigned half of the total possible score. This convention may not be neutral and we therefore treat these responses as missing values. Second, for questions related to offering of classes and activities in non-tested subjects (e.g., art, music) and questions to students related to frequency of certain assignments and teaching methods, the DOE assigned scores in a non-linear way (e.g., maximum points were awarded for both of the top two answer choices). We make the scoring linear; responses to a question with N answer choices are coded as having values 1 to N. 25 See Table A3 in the Online Appendix for a complete accounting of where these questions are located in the environmental surveys. 26 Rouse et al. (2007) find evidence that failing schools offer extra help to struggling students and lengthen instructional time. Unfortunately, these issues were not focused on in the DOE surveys. One item asked about the offering of tutoring/enrichment activities before or after school, but the wording of the question inextricably ties tutoring with enrichment; while the former typically targets struggling students, the latter might apply to all students or advanced students. Indeed, responses to this question are highly correlated with offering of foreign languages. 27 For parents, we examine overall satisfaction with the quality of their child's teacher and their overall satisfaction with the quality of their child's education. For teachers, we examine the extent to which administrators focus on Summary statistics on survey outcomes are shown in Tables 6 and 7 . Response rates for all three groups of respondents were fairly low in 2007, particularly among parents, and response rates grew in 2008, with somewhat larger increases among respondents from with schools receiving low accountability grades, again, particularly among parents. Our data on parent and student survey outcomes allow us to limit our analysis to individuals who responded to the survey in both years, but we cannot control for the composition of respondents among teachers.
Thus, response rates are important for considering how results on teacher surveys should be interpreted, and we return to this issue below.
[ Table 6 approximately here]
Nearly all of the 2007 outcomes improve considerably and monotonically as we move from F to A schools. In most cases, schools receiving an F grade had scores close to 0.5 standard deviations below average, while schools receiving an A grade tended to score about 0.3 standard deviations above average. While some of this relationship is mechanical (10 percent of the overall score determining accountability grades were based on these survey results), these results strongly suggest that survey responses are also highly correlated with the student achievement outcomes (levels and growth) that largely determine the accountability grade. However, the parent and teacher survey results for schools receiving low accountability grades improved, [ Table 7 approximately here] teacher quality issues, the extent to which student achievement data is used to direct instruction. For students, we examine two sets of questions. The first set address the frequency with which students were asked to complete essays or projects using "multiple sources of information" or "evidence to defend [their] opinion[s] or ideas." The second set address the frequency with which students "worked in groups of 2 to 6," "had whole-class discussions," or "participated in hands-on activities such as science."
Our analysis of parent and student survey outcomes uses only individuals who responded to the survey in both years. This ensures that any changes in evaluations of school environment are not driven by sample selection, though our findings are similar without this restriction. There are two schools in which no parents answered the survey in both years; however, these schools received grades of C and B, respectively, and estimates of test score impacts are very similar when these schools are excluded. Estimates using data from student surveys exclude schools that did not have students in grades 6 through 8; however our main results are robust to this sample restriction as well. All schools received surveys from some teachers, but we cannot link surveys across years and therefore present results using all respondents. Thus, any significant results on teacher surveys may be driven by changes in the pool of teachers responding to the survey, and should be interpreted with caution.
We present results on 2008 survey outcomes using specifications that drop extreme accountability scores and include a quadratic polynomial of the school's survey outcome in 2007. These controls do not greatly affect point estimates but noticeably reduce the standard errors. For teacher survey outcomes, we also present specifications that control for a quartic in the school's response rate. While this is not by any means a foolproof way of removing possible endogeneity, it provides useful information on the potential importance of this source of bias.
We see consistent evidence of significant improvement in parental satisfaction in the schools that received F and D grades (Table 8) . For all four domain scores, the overall quality of education, teacher quality, and holding high expectations for students, the coefficient estimates for these grade indicators are positive and significant at conventional levels. The coefficient on receiving an F is larger for all outcomes, though it is only statistically significantly different than the D coefficient for the academic domain score and parents' assessment teacher quality.
28
Parents' views on the extent of course offerings in non-tested subjects were not significantly related to the accountability grades. Thus, parental survey evidence indicates a strong positive reaction to changes made by schools that received low accountability grades.
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[ Table 8 approximately here]
Interestingly, the results for parents are not replicated among (older) elementary and middle school students ( Table 9 ). The estimated coefficient on receipt of an F grade is negative in all specifications and (marginally) significant for three of the four domains, the frequency of essays/projects, the frequency of group/hands-on activities, and whether the school holds high expectations for students. The coefficients on receipt of a D grade are also significant and negative for the communication domain, frequency of essays/projects and frequency of group/hands-on activities. 30 Thus, older students in schools receiving a low accountability grade appear to be unhappy with some of changes put into place at their schools after the accountability grades were received. In particular, they perceive that their schools moved away from their preferred instructional methods (e.g., group discussions, hands-on activities, research projects) and lowered their expectations for student performance. Again, we do not find evidence that schools reduced course offerings or activities in non-tested subjects.
[ Table 9 approximately here] 28 For the academic domain score and parents' assessment teacher quality, we also find significant negative coefficients on indicators for receiving B and A grades, with significantly larger coefficients (in absolute value) on the A grade indicator. This suggests that receipt of a grade other than D or F may have also affected the perceived quality of teaching, though we see no effects on test scores. 29 Even with a balanced panel, it is possible that parents in schools receiving low accountability grades misstated their opinions in order to increase their school's score on the environmental portion of the progress report and avoid costs associated with continued low performance (e.g., school closure). In order to investigate this possibility, we replicate our analyses using only parents whose children are in a school's terminal grade, since they are likely to have much weaker incentives to make the school appear more effective. The coefficient estimates (available upon request) on F and D grades remain significant and increase in magnitude, lending support to the idea that the parent survey results reflect real changes in opinion. 30 The questions relating to the frequency of group work or hands-on learning activities comprised half of the questions related to the communications domain score.
We find little consistent evidence that the accountability grades affected teachers' views regarding school environment (Table 10) . On the four survey domains, there are several positive coefficients for A schools that come close to or meet conventional levels of statistical significance. Turning to more specific questions, we also find some, albeit weak, evidence that teachers in F and D schools placed greater emphasis on using student achievement data to make instructional decisions and felt there was more focus on teaching quality by school leaders (i.e., classroom visits, feedback, and priority placed on the quality of teaching).
[ Table 10 approximately here]
F. Teacher Absences
Given the timing of the release of progress reports, schools were unlikely to make major personnel changes in response to the accountability grades. However, it is quite possible that school personnel responded on other margins, altering their work practices and/or increasing effort. One imperfect measure of effort we observe is teacher absences. The extent to which teacher absences might change in response to the receipt of a low grades is uncertain. First, teachers' financial incentives to reduce absences are set by a collective bargaining agreement which schools cannot renegotiate, and it is unclear whether a significant portion of teacher absences would be responsive to pressure, either from the teachers themselves or school administrators. Indeed, Karthik Muralidharan and Venkatesh Sundararaman (2009) find that for teachers in India-where teacher absence is seen as a major problem-incentive pay has a large impact on student achievement but no impact on teacher attendance. Nevertheless, it is a dimension of effort worth exploration.
Details on the absence data we examine can be found in Mariesa A. Herrmann and Rockoff (2009). We examine average absences per teacher in the school year 2007-2008, both during the entire year and only during the period from October (after grades were released to principals) through March (when math tests were taken). As some absences are likely to be more responsive to accountability pressure than others, we do not examine absences for jury or military duty, death of a family member, or personal injury, but rather focus on absences taken for illness, personal leave, and other reasons over which a teacher has some control (e.g., religious holidays, conferences). We find no evidence that the accountability grades had a significant effect on teacher absences; these results are presented in Table A4 of the Online Appendix. Thus, the increases in student achievement and parental satisfaction for schools receiving low accountability grades were likely caused by changes in on-the-job behaviors of teachers and administrators, not by changes in the frequency of teacher absence.
IV. Conclusion
The results of our analysis suggest that the new accountability system put in place in New
York City had important effects in the months that followed its launch in the fall of 2007. Math and English test scores improved in schools that received very low accountability grades. For example, we estimate that the impact of attending an F school (as compared to a C school) on students' math test scores was roughly 0.1 student-level standard deviations. Our use of the discontinuous assignment of accountability grades supports the notion that our analysis provides causal estimates of the impact of accountability on student academic achievement and is not confounded by a spurious relationship between grade assignment and other factors affecting student performance.
We provide additional insight into the impact of accountability pressure on low performing schools by examining a set of complementary outcomes using surveys of parents, teachers, and students. The student survey results indicate that schools may have achieved test score improvements through greater use of direct instructional methods and basic skills assignments (as opposed to group discussions, essay writing, or research projects) designed to raise test scores. However, while students appear unhappy with this shift, parents of children in F and D schools show considerable increases in their satisfaction with the quality of their schools and teachers, consistent with the notion that focusing on tested material may be optimal for students who are less advanced (Edward P. Lazear 2005).
These results suggest that accountability pressure can induce improvements in student achievement over a short period of time, notably without manipulation of the pool of tested students or reductions in course offerings of non-tested subjects. Moreover, accountability pressure may spur actions by schools that parents support but students do not like, such as greater focus on teaching basic skills covered on standardized exams. However, many questions remain regarding how variation in the type and severity of accountability incentives impact the behavior of principals and teachers. For example, is the stigma of an "F" or the possibility of being fired the crucial factor in motivating principals of poor performing schools? Are financial bonuses more effective if paid to principals, teachers, or the students themselves? More research is needed on these and other questions regarding behavioral responses to incentives generated by accountability. Notes: Robust standard errors in parentheses. + significant at 10%; * significant at 5%; ** significant at 1%. The dependent variable is average math scale score. F/D and D/C discontinuities estimated jointly. Each cell denotes a separate regression where the sample is limited to schools receiving F, D, or C grades whose scores were within the specified distance of F or D discontinuities. Regressions are weighted by number of students taking math exams. All regressions include controls for school level, linear controls for report element scores (additional credit and progress, performance, and environment scores) and peer index, and an interaction between school level and report element scores/peer index.
Muralidharan
Minimum distance to cut-off: Note: The number of schools with student survey data differs from the total number of schools, as only students that were in 6th or a higher grade were surveyed. The number of schools with student survey data in both 2007and 2008 is as follows: 15 (F), 34 (D), 100 (C), 148 (B), 97 (A). Additionally, 2 schools, receiving a B and a C, did not have parents respondents in both years. + significant at 10%; * significant at 5%; ** significant at 1%. Regressions weighted by number of survey respondents. Report elements include additional credit and progress, performance, and environment scores. All specifications also include controls for school levels and a quartic in interactions between school levels and report element scores/peer index. 
